Understanding the effect of changes in physical activity on mortality risk may help researchers clarify intervention strategies. This study investigated associations of physical activity at baseline and 5 years previously with all-cause mortality risk in a cohort of 472 elderly Dutch men. Relative risks were estimated for relations between mortality in 1990-1995 and physical activity levels in 1990 and 1985. Adjustments were made for baseline age, chronic diseases, functional status, and lifestyle factors. In contrast to previous levels of physical activity (adjusted p-trend = 0.39), baseline total time spent in physical activity was inversely associated with mortality risk (p-trend = 0.004; for the most active fertile vs. the least active, relative risk = 0.44; 95% confidence interval: 0.25, 0.80). No consistent associations were observed after fractionating total physical activity into activities of differing intensity or into four different types of activity. Relative to maintaining a physically active lifestyle (i.e., walking or bicycling for 20 minutes at least three times per week) in both survey years, a gradient of increasing risk was observed from adopting an active lifestyle to becoming sedentary to remaining sedentary (p-trend = 0.004). Recent levels of physical activity were more important for mortality risk among elderly men than activity 5 years previously. Becoming or remaining sedentary was significantly associated with increased mortality risk in comparison with remaining physically active. Afri J Epidemiol 1999:150:1289-96.
In a cohort of predominantly middle-aged men, beginning moderately vigorous sports activity was associated with decreased mortality risk as compared with not doing so (1) . Because of the high mortality rates among the elderly (2), it is of major public health importance to know whether changes in physical activity also affect mortality risk in old age. If this is the case, promotion of physical activity in old age could be an important preventive measure for decreasing allcause mortality.
Inverse associations between baseline physical activity and all-cause mortality have consistently been reported for persons aged 60 years and older (3) (4) (5) (6) (7) (8) , including participants in the Zutphen Elderly Study (9) . However, to our knowledge, changes in physical activity have been investigated only in the Alameda County Study (10) and, recently, the British Regional Heart Study (11) . In the Alameda County Study (10) , decreases in physical activity over the preceding 9 years were associated with increases in subsequent mortality risk, and vice versa, compared with people who did not change their activity level. In the British Regional Heart Study (11) , maintaining or taking up light or moderate physical activity reduced mortality in older men.
To support physical activity recommendations for the elderly, it is useful to know which components of the physical activity pattern may be especially important in this respect Therefore, we examined the effect of baseline physical activity pattern on mortality risk in a cohort of elderly Dutch men by taking into account their physical activity pattern over the preceding 5 years.
MATERIALS AND METHODS

Study population
The Zutphen Elderly Study is a longitudinal study of lifestyle, chronic diseases, and health among elderly men living in Zutphen, The Netherlands (12) . In spring 1985, a random sample of all men living in Zutphen and born between 1900 and 1920 were invited to enter the study; 939 (74 percent) of these men participated. In spring 1990, the 718 surviving men from the 1985 sample were contacted for reexamination, and 560 (78 percent) participated. Between 1985 and 1990, the majority of the participants (-95 percent) were still living independently.
The present analyses included the 472 men for whom complete information was available with respect to physical activity in 1985 and 1990 and other selected lifestyle factors (e.g., cigarette smoking, alcohol consumption, and diet), as well as morbidity, functional status, and mortality follow-up between 1990 and 1995.
Examinations
Data were collected according to a standardized protocol. Clinical examinations were conducted by trained medical staff at a local survey site. The participants completed questionnaires at home, and trained research assistants checked the questionnaires for missing values and inconsistencies.
Physical activity. In 1985 and 1990, physical activity was assessed with a questionnaire originally designed for retired men (13) . The questionnaire was validated in a sample of 21 men from the 1990 survey of the Zutphen Study (14) . The 4-month test-retest correlation was 0.93 (p < 0.001), and the correlation with total energy expenditure as measured by the doubly labeled water technique was 0.61 (p < 0.01) (14) . The questionnaire asked about the frequency and duration of walking and bicycling during the previous week; the average amount of time spent weekly on hobbies and gardening in both summer and winter; and the average amount of time spent monthly on odd jobs and sports. Time estimates were converted to minutes per week for each type of activity, and minutes were summed to yield "total physical activity" (15) . Because walking, bicycling, and gardening were the major components of the total physical activity pattern (table 1) , the other activities were combined into one category ("other") for further analyses. Time spent in total physical activity was also fractionated into time spent in physical activities of "heavy" intensity, defined as activities requiring an energy expenditure of at least 4 kcal/ kg'hour (e.g., brisk walking, bicycling at normal or high speed, gardening), and activities of "nonheavy" intensity (<4 kcal/kg»hour) (13) . This cutoff point takes into account the fact that elderly people generally have a lower cardiorespiratory capacity than middleaged people. Finally, the men were classified as "physically active" or "sedentary" according to whether they walked or cycled for 20 minutes at least three times per week, a proxy for the assumption that regular physical activity using large muscle groups is beneficial for maintaining health (15, 16) .
Other lifestyle characteristics. Information on cigarette smoking was collected by means of a standardized questionnaire, and participants were categorized as "smokers" or "nonsmokers." During a home visit, trained dietitians obtained information on diet during the month preceding the interview using the crosscheck dietary history method (17) . Dietary patterns were classified as "healthy" or "other" on the basis of cluster analyses (18) . A healthy diet was characterized by factors such as relatively low intakes of saturated fatty acids and dietary cholesterol and a high intake of fiber. Alcohol consumption was categorized as 0 g/day, <20 g/day, and >20 g/day.
Health and mortality. In 1990, functional status was assessed by means of a questionnaire on disabilities in activities of daily living (19) . We categorized functional status as "good" or "impaired." Good functional status was defined as needing no help in performing any of six items related to basic activities of daily living (moving between rooms, eating, dressing, washing and bathing, getting into and out of bed, and using the lavatory) and four items related to mobility (moving outdoors, using stairs, walking at least 400 m, and carrying heavy objects a distance of 100 m).
Information on history of cardiovascular diseases (myocardial infarction, angina pectoris, cerebrovascular accidents, and intermittent claudication), chronic nonspecific lung diseases, cancer, and diabetes mellitus was obtained during medical examination by standardized questionnaires. Municipal registries provided information on the vital status of the participants until January 1995. Diagnoses were verified with hospital discharge data and written information from the subject's general practitioner. All information was uniformly coded by three physicians. Two men were lost to follow-up.
Statistical methods
SAS software (version 6.11) was used for all analyses (SAS Institute, Inc., Cary, North Carolina). Twosided significance levels of p = 0.05 were used. The 1990 survey was considered the baseline for the mortality follow-up. Cox's proportional hazards (survival) analysis was used to investigate associations between physical activity variables and all-cause mortality between 1990 and 1995. Relative risks (with 95 percent confidence intervals and p values) for linear trend in mortality are presented according to tertiles of physical activity (minutes/week), with the lowest tertile Because persons with clinical disease may decrease their physical activity, increased levels of physical activity may be associated with fewer disease outcomes in the absence of a causal relation. To preserve the power of our analyses, we adjusted for this potential confounding primarily by including history of cardiovascular diseases, cancer, or chronic nonspecific lung diseases, diabetes mellitus, and functional status in 1990 as covariables in the multivariate model rather than excluding men with diseases or impairments.
Using the adjusted population attributable risk (20), we calculated the extent to which observed mortality could be attributed to not maintaining a physically active lifestyle.
RESULTS
At baseline (1990), the study population (mean age = 75.1 years, standard deviation 4.6) spent an average of 80 minutes/day (standard deviation 70) on total physical activity. Mean amounts of time spent in physical activity were approximately 20 minutes/day, 1 hour/day, and 2.5 hours/day in the low, medium, and high tertiles of total physical activity, respectively (table 1) . Compared with men in the lowest tertile of activity, men in the highest tertile were younger, consumed more alcohol, and were less likely to have a history of diagnosed cardiovascular diseases or chronic nonspecific lung diseases or impairments in functional status. No significant differences were observed in the proportions of men adhering to a healthy diet, currently smoking, or diagnosed with cancer. Because cigarette smoking is a well established risk factor for adverse health outcomes and because alcohol consumption differed significantly between tertiles, adjustment for lifestyle factors was restricted to cigarette smoking and alcohol consumption.
Between 1985 and 1990, mean total time spent in physical activity declined significantly from 95 minutes/day to 80 minutes/day. The Spearman correlation coefficient for total times spent in physical activity in 1985 and 1990 was 0.55. Spearman coefficients for correlations between various types of physical activity in these two years were below 0.60, and those for correlations between time spent in activities of different intensities were below 0.40. In 1985, men reporting any physical activity were spending 45 percent of their total time in activities requiring more than 4 kcal/kg»hour; this figure dropped to 39 percent in 1990.
Overall, 118 participants (25 percent) died between 1990 and 1995. In the data for 1990, 61 men from the lowest physical activity tertile died and 23 men from the highest tertile died. The unadjusted all-cause mortality rates in the three tertiles ranged from 101.2 per 1,000 person-years to 32.7 per 1,000 person-years, respectively. Following adjustment for age, chronic diseases, functional status, and the lifestyle factors cigarette smoking and alcohol consumption (but not for levels of physical activity in 1990 and 1985), mortality risks were 0.61 (95 percent confidence interval (CI): 0.39, 0.95) for men in the middle tertile and 0.50 (95 percent CI: 0.30, 0.84) for men in the highest tertile, as compared with the lowest.
After the data were adjusted for the above variables and simultaneously stratified by levels of physical activity in 1990 and 1985 (table 2), the 5-year mortality risks showed a clear inverse association with total physical activity in 1990 (p-trend = 0.004). No association with 1985 data was noted. After time spent in total physical activity was fractionated into four distinct types of physical activity in the regression model (table  2) , only bicycling in 1990 showed a clear inverse association. When total physical activity was fractionated into time spent in physical activities of different intensities (table 2), no significant association was observed with either more intense activity or less intense activity.
Because tertiles are measures that are relative to the performance of the study population, we also applied a distinct cutoff point between a sedentary lifestyle and a physically active lifestyle for both survey years. The proportion of men who walked or cycled for 20 minutes at least three times per week increased nonsignificantly between 1985 and 1990, from 71 percent to 73 percent. The majority of the men (56 percent) maintained a physically active lifestyle between 1985 and 1990, while approximately equal proportions of the men changed their lifestyle in either direction or remained sedentary during both years (table 3). The baseline characteristics for each of the groups are shown in table 3. The men who maintained a physically active lifestyle or adopted an active lifestyle were not significantly younger than the men who did not do so, but a smaller proportion of these men showed impaired functional status or a diagnosed history of cardiovascular diseases or chronic nonspecific lung diseases.
Compared with men who had a physically active lifestyle in both years, mortality gradually increased (ptrend = 0.004) from men who adopted an active lifestyle (relative risk (RR) = 1.36) to men who became sedentary (RR = 1.72) and men who remained sedentary during both years (RR = 2.01) (table 4). The increased risk associated with a sedentary lifestyle, either adopted or maintained, differed significantly from the risk of men who maintained a physically active Lifestyle during both years. Twenty-three percent of all- cause mortality could be attributed to not maintaining a physically active lifestyle in both survey years.
DISCUSSION
To our knowledge, associations between withinsubject changes in physical activity and total mortality risk were specifically investigated only in the Alameda County Study (10, 21) , the Harvard Alumni Study (1), the Copenhagen male study (22) , the Gothenburg study of women (23) , and the British Regional Heart Study of older men (11) . These studies differed with respect to methodology and study population. A major strength of our study is that the same validated physical activity questionnaire was used for both survey years (14) . We observed that recent physical activity levels were more important for mortality risk than past levels. This is in line with reports on middle-aged Harvard alumni (3) and British civil servants (24) and the older men in the British Regional Heart Study (11), but it contrasts with the findings of the Copenhagen study of men aged 53-75 years (22) . However, the physical activity questionnaires in the Copenhagen study were not identical for each survey year and appear not to have been validated. Furthermore, no adjustments were made for morbidity, except that men with a history of cardiovascular diseases were excluded.
The particular importance of recent physical activity compared with prior physical activity as observed for tertiles of time spent in physical activity was also seen when physical activity was dichotomized into sedentary and physically active lifestyles. Because the categorization between a physically active lifestyle and a sedentary lifestyle was based on a proxy for generally recommended guidelines on maintaining health among adults (15, 16) , our results indicate that these guidelines may also apply to elderly people.
Part of the deterioration associated with old age may result from physical inactivity (25) . Our data confirm that it is very appropriate to prevent a decrease in physical activity among elderly people. The lowest mortality risk was observed among men who remained physically active. This is consistent with results for the older men in the British Regional Heart Study (11), the Harvard Alumni Study of men aged 45-84 years (1), and the Copenhagen study (22) . In the Alameda County Study (10) and the Gothenburg study (23) , no distinction was made between subjects who remained physically active and subjects who remained inactive in the "no change in physical activity" group. However, these studies confirmed the hypothesis that decreased physical activity might be associated with increased mortality risk. In the Gothenburg study, a twofold increased risk was observed among 38-to 60-year-old women who decreased their physical activity t p trend for change from "yes-yes" to "no-no" = 0.0O4. % Referent.
as compared with women showing no change in physical activity. In our study, men who became inactive had a 72 percent increased risk of mortality compared with men who remained active, but their risk did not differ significantly from that of men who remained inactive. In addition, in the British Regional Heart Study (11) and the Harvard Alumni Study (1), no significant difference in risk was observed among men who became inactive when compared with men who remained inactive. Some concerns have been raised about the small, nonsignificant excess risks associated with adopting a physically more active lifestyle in the Copenhagen (22) and Gothenburg (23) studies. However, the British observations (11) and our observations of elderly men, who may be particularly prone to complications, do not substantiate these concerns.
Instead of an expected increase in the prevalence of a sedentary lifestyle between 1985 and 1990 due to aging of the population, prevalence remained stable at approximately 28 percent. It seems unlikely that overreporting of physical activity especially played a role in 1990, because physical activity questions have regularly been asked since 1960 as part of a large set of questionnaires and other examinations. However, the prevalence of a sedentary lifestyle in 1990 may have been underestimated because of a secular trend due to unexpectedly pleasant weather (26) . The observed stability of the prevalence of a sedentary lifestyle might also partly illustrate that our study population was a select group of men, despite being a randomly selected cohort, because they had to survive until at least 1990 to be eligible for mortality follow-up. This survival selection may have resulted in declined strength of observed associations between physical activity and mortality in comparison with middle-aged populations.
One advantage of the Zutphen Elderly Study was that it enabled us to take important health-related behaviors such as cigarette smoking, alcohol consumption, detailed dietary information, and functional status into consideration. Because the proportion of people adhering to a healthy diet did not differ between physical activity categories in 1990, we decided not to adjust for diet in our final analyses.
Instead of excluding men, we adjusted not only for history of major chronic diseases but also for impaired functional status in 1990. Therefore, we do not believe that subclinical diseases played a major role in our conclusions. The strength of the associations remained similar after additional adjustment for subjective health status. The association was mostly weakened for men who became sedentary (RR = 1.65 (95 percent CI: 1.00, 2.74) instead of RR = 1.72). This was more pronounced after exclusion of men who died within 1 year of follow-up (RR = 1.38; 95 percent CI: 0.78, 2.45). Although we cannot exclude the possibility that residual confounding by subclinical disease was present, these results may just as well underline the importance of recent levels of activity. Furthermore, both types of adjustment (i.e., adjustment for subjective health status and exclusion of men who died within 1 year of followup) had only a minor effect among men who remained sedentary (RR = 1.88 (95 percent CI: 1.11, 3.19) and RR = 1.97 (95 percent CI: 1.13, 3.44), respectively, instead of RR = 2.01).
In conclusion, more recent levels of physical activity were particularly important with respect to mortality risk in our population of elderly men, being inversely associated. Remaining sedentary or adopting a sedentary lifestyle were both associated with increased mortality risk as compared with remaining physically active.
